An understanding of the mineralization process of organic amendments in soil is required to synchronize N release with crop demand and protect the environment from excess N accumulation. Therefore, we conducted a laboratory incubation experiment to assess nitrogen mineralization potential of crop residues (rice and wheat straw) and organic manures (poultry manure, farmyard manure, cowpea and sesbania) in two benchmark soils (Typic Haplustept and Typic Ustifluvents) of semi-arid region of Punjab, India, varying in texture at field capacity moisture level at a constant temperature of 331°C. Mineralization was faster during first 7 days of incubation in Typic Haplustept and upto 14 days in Typic Ustifluvents which subsequently declined over time. In both soils, net N mineralization continued to increase with increasing period of incubation (expect with crop residues) and was significantly higher in Typic Ustifluvents (54-231µg g -1 ) than Typic Haplustept (33-203 µg g -1 ). Compared to unamended soils, percent N mineralized was highest is sesbania (35-40 %) followed by cowpea (32-37 %) and least in wheat (10-11 %) after 42 days of incubation. Thus, sesbania and cowpea may preferably be used to meet the large N demand during early period of plant growth. Further, mineralization rate constants (k) also indicated that availability of mineral N was significantly higher with application of organic amendments than unamended control treatments in both soils. Therefore, it may be concluded that considerable economy in the use of inorganic N fertilizer can be employed if N mineralization potential of organic inputs is taken into consideration.
INTRODUCTION
Rational use of organic inputs (such as animal manures, crop residues, green manures, sewage sludge and food industry wastes) and management of soil organic matter is very important for designing a sustainable agricultural system. There is now greater awareness that integrated plant nutrient management (IPNM) can provide, not only concrete benefits in terms of higher yields but simultaneously conserve and enhance the soil resource itself. However, it is important to understand the interplay between different sources of N to optimize the rate of application of organic manures and chemical fertilizers in an integrated nutrient management system to maintain adequate supply of nutrients for increased crop yields and reduced environmental pollution (Habai et al., 2016) . Nitrogen is one of the most important factors limiting crop production. In the modern agro-ecosystems, it was estimated that removal of as much as 300 kg N ha -1 yr -1 in the above ground portions of the harvested produce necessitates substantial inputs of nitrogen either through fertilizers, manures or N-fixation via legumes to maintain soil productivity (Cassman et al., 2002) . In India, N consumption was increased from 0.06 Mt in 1951-52 to about 17 Mt in 2014-15 with a ISSN : 0974-9411 (Print), 2231-5209 (Online) All Rights Reserved © Applied and Natural Science Foundation www.jans.ansfoundation.org corresponding fourfold increase in food-grain production from 50.8 to 257.0 Mt during this period (FAI, 2015) . Thus, majority of the crop requirement for N in the country is supplied by applying very high doses of chemical fertilizers which are not environment friendly. Moreover, the nitrogen use efficiency in terms of plant uptake is generally low and varies greatly under different cropping and environmental conditions (Masclaux-Daubresse et al., 2010) . Soil nitrogen (N) mineralization in agricultural soils is a process with important economic and environmental implications (Zebarth et al., 2009) . Uncertainty in predicting soil N mineralization is a key limitation to making accurate fertilizer N recommendations for agricultural crops (Nett et al., 2012) . Soil N mineralization, in combination with nitrification, is also an important controlling factor controlling the availability of soil nitrate for leaching and nitrous oxide emissions. This has led to increased interest in accurate prediction of soil N mineralization in agricultural soils. The rate of N mineralization in soil is controlled by a number of soil and environmental factors in a complex manner (Benbi and Richter, 2002) . The important factors that dictate N mineralization kinetics include organic matter content, microbial biomass, soil texture, temperature and mois-ture (Fritschi et al., 2005; Wijanarko and Purwanto, 2016) . Despite the complex controls on this process, and the involvement of a vast array of microbes from different taxonomic groups, the rate of mineralization is largely dependent on the quantity and quality (composition) of organic matter and the influence of environmental factors on biological activity (Gómez-Muñoz et al., 2015) . Further, the suitability of organic inputs as source of N also depends greatly on N mineralization in relation to crop demand. The N availability may control the kinetics of decomposition of crop residues, particularly those with high C: N ratio when the N requirements of the soil decomposers are not fulfilled by the residue or soil N content (Recous et al., 1995; Lupwayi et al., 2006) . Thus, decomposition of residues and manures in soils vary with organic material and soils type and this needs to be investigated in an effort to synchronize N release with crop demand and protect the environment from excess N accumulation (Kpomblekou-A and Genus, 2012) . Therefore, more information is required on the decomposition of crop residues and organic manures on N-transformations in different environments which can help fine tune the fertilizer N application to minimize leaching losses and prevent N pollution. Therefore, the present study was undertaken to find out the N mineralization potential of different organic inputs in two soils of varying texture in the Indo-Gangetic plains.
MATERIALS AND METHODS
Two bulk surface (0-0.15 m) soil samples representing Typic Haplustept and Typic Ustifluvents from a semiarid region with varying properties were collected from farmer's field near Ludhiana (30°50' N and 75°4
1' E), Punjab, and the prevalent cropping system at both the soil sampling sites at village Hasanpur and Alliwal were rice-wheat. A portion of each sample was taken and passed through a sieve (<2 mm) for laboratory analysis. The samples were stored in a cool and dry place until the start of the study. The samples were analyzed for the soil properties like, pH, electrical conductivity (EC) and organic carbon (OC) by procedure ascribed by Jackson (1967) and the values were given in Table 1 . In order to study rate of N mineralization, crop residues viz. rice straw (RS) and wheat straw (WS) and organic manures viz. poultry manure (PM), farmyard manure (FYM), cowpea (CP) and sesbania (S) were selected. The C: N ratio of RS, WS, FYM, PM, CP, and S were found to be 42:1, 48:1, 28:1, 25:1, 21:1 and 19:1, respectively. Experimental design: Mineralization of N was studied in the laboratory by conducting aerobic incubation experiment under controlled conditions. Seventy five grams of air dried, ground and sieved (<2 mm) soil were taken in cylindrical wide mouthed plastic vials in triplicate. The finely ground crop residues and organic manures were mixed @ 2 per cent at dry weight basis with soil. Distilled water was added to each container so as to obtain field capacity moisture content and the vials were capped. The soil samples were incubated in a biological oxygen demand (BOD) incubator at 33±1°C under field capacity water potential. Soil water content was maintained by weighing the containers on (Bremner and Keeney, 1966) using magnesium oxide (MgO) and Devarda ' s alloy. Net N mineralization was estimated by subtracting the accumulated mineral N at day 42 from that at day zero and than subtracting this value for a given treatment from that for the control provided the apparent contribution of organic N to net mineralization. First order kinetic model: The mathematical expression given by Stanford and Smith (1972) was used to assess No and k values. The approximates of No was obtained by using the expression: Nt = No (1-e -kt ) where, 'Nt' is cumulative amount of N mineralized (mg kg -1 ) during the specific periods of incubation,'t' is the time of incubation in days, 'k' is the rate constant (day -1 ) and No is 'N' mineralization potential (mg N kg -1 soil). The main assumption of the model is that at optimum temperature and moisture, organic N mineralization follows first order kinetics. Thus the single exponential model suggests that the potentially mineralizable N of a soil and its rate constant (k) can be estimated by incubating the soil for specific time (t) at optimum conditions and measuring the N mineralized (Nt). Statistical analysis: Significance of differences (P< 0.05) between soils and amendments at different time intervals were tested using Genstat 14 (GenStat® for Windows10.0, VSN Int. Ltd, UK, 2005). Pearson correlation was used to examine the relationship between different amendments and N mineralization rates using SPSS.
RESULTS AND DISCUSSION
In general, N mineralization in soils (Typic Haplustept and Typic Ustifluvents) amended with crop residues (RS, WS) and organic manures (PM, FYM, CP and S) increased with time. Irrespective of the soils, the time course of cumulative N mineralized under different amendments was faster during initial days of incubation (3-14 days) but subsequently the rates were slower. In both soils, 50-60 % of total N mineralization had occurred by 7 days of incubation whereas the remaining occurred in the next 35 days. This suggested that initial rapid phase of mineralization was from an easily decomposable pool of organic matter whereas the latter phase was from a recalcitrant fraction. Li et al. (2011) also reported that mineralization passed through two phases initial 14 day rapid period followed by slower one. The amount of (NH 4 + +NO 3 -)-N in untreated soil of Typic Ustifluvents was 21mg g -1 and in Typic Haplustept was 18 mg g -1 after 3 days of incubation, which increased to 54 and 33 mg g -1 after 42 days of incubation in the respective soils. Similarly, No and k values in Table 2 also show significantly higher mineral N in soils of Typic Ustifluvents under different amendments as compared to Typic Haplustept. Thus, a comparison of mineral N recovered at various incubation times in the experimental soils indicate higher recovery in Typic Ustifluvents than Typic Haplustept which may be attributed to variation in clay content and organic carbon of these soils (Table 1) . The soils of Typic Haplustept are coarser in texture and are not capable of holding N in clay lattice for greater period. Thus, Typic Ustifluvents soils behaved better in terms of recovery of mineral N at different incubation times with and without added amendments. Haer and Benbi (2003) also observed that organic carbon and clay content could account for 91 percent variability in N mineralization of soils. Similarly Gupta et al. (2003) and Sathya et al. (2009) reported that higher mineralization occurs in fine texture soils (more in clay loam than sandy laom) at different periods of incubation possibly due to the exposure of physically protected organic matter during grinding and fine sieving of the soils prior to incubation. In ad- dition, Hassink (1992) and Paul (2104) reported that in fine texture soils, a large part of organic matter present in the small pores cannot be reached by microorganisms and therefore, remain physically protected against decomposition. However, our results were in contrast to the findings of Thomsen et al. (2001) and Khalil et al. (2005) who reported that low content of clay can stimulate N mineralization in the soils due to sorption of the decomposition substrate onto mineral particles and incorporation into soil aggregates.. Further, our results indicate that there were considerable differences in the pattern of N mineralization from added organic amendments during the 42 days incubation period due to the difference in their chemical composition. Machinet et al. (2009) also found considerable variability and complexity in the pattern of N mineralization from plant residues. The added organic amendments regulated N mineralization process with sesbania (S)> cowpea (CP)> poultry manure (PM)> farmyard manure (FYM)> rice straw (RS)> wheat straw (WS), irrespective of the texture of the soil. Several workers have reported substantial release of N from low C: N ratio organic amendments during incubation (Srinivas et al., 2006; Abera et al., 2012; Rahman et al., 2013) . Application of green manures (S and CP) increased N mineralization to a much greater extent than animal manures (PM and FYM) and crop residues (RS and WS) because they decompose rapidly on their incorporation into the soil (Nakhone and Tabatabai, 2008) . Therefore, among all amendments, green manures were the best material for supplying quick and fast N to crops. Furthermore, it was observed that the use of RS and WS caused progressive reduction in percent N mineralized than the other organic inputs in both soils (Figs. 1 and 2) . It clearly indicates that this initial phase of immobilization (7-21 days) with the application of crop residues may be due to the microbial biomass utilizing N from inorganic pool, rather than directly from decomposing organic matter. Brar et al. (2004) also observed immobilization of N in wheat, maize and sunflower straw during the initial 2 to 3 weeks of incubation period. The longer period of immobilization of mineral N in wheat straw as compared with rice straw was due to slow decomposition on account of large C: N ratio of the former than the later. Srinivas et al. (2006) suggested that microbiologically active soils in combination with C: N ratio of the added organic material mainly regulate the N mineralization process in the amended soils. Both organic amendments and time interval had significant effect on the net mineralization of N in both soils ( Figs. 3 and 4 ). Application of sesbania and cowpea dominated the mineralization of N more so than for PM, FYM, RS, and WS. Accordingly, sesbania (203-231mg g -1 soil) and cowpea (165-191mg g -1 soil) amended soils depicted significantly higher net mineralization than other organic amendments. Similarly, data in Table 2 shows that regardless of the soil type, all the organic nutrient sources differed significantly with respect to their potentially mineralizable N o level (PMN). The potentially mineralizable N o level was largely governed by their C:N ratio (Hadas et al., 2004; Jensen et al., 2005) . The value of k for leguminous manures were quite similar to that reported by Kumar and Goh (2003) and Gale et al. (2004) , although, some difference in values were observed that might derive from the slightly different methodologies in the respective studies or difference in the chemical properties of the different amendments. When correlation were worked out between N mineralized and various chemical composition of all organic amendments at different periods during incubation, the organic C content was found to be significantly negatively correlated (r= -0.90* and r=-0.89* respectively) with N mineralization. However, there was a significantly strong positive (r=0.99* in Typic Ustifluvents and r= 0.97* in Typic Haplustept) relationship of organic N concentration with the N mineralization in both soils (p<0.05). Vityakon and Dangthaisong (2005) and Yanni et al. (2011) also found N content to be the most important parameter determining N mineralization. It was also found that rate constant (k) correlated well to the chemical composition of the organic amendments (Johnson et al., 2007) . The k values demonstrated a positive correlation with N content (r=0.88* in Typic Ustifluvents and r=0.67 in Typic Haplustept, respectively) and N mineralization (r=0.90* and r=0.75) whereas a significantly negative correlation (r= -0.99* and r= -0.90*) existed with C: N ratio of the amendments in both soils (p<0.05). Thus, this study emphasize the utility of C: N ratio and N content of the organic amendments to predict the k values and N mineralization in both soils.
Conclusion
The results confirm that N concentration and C: N ratio is a sound criterion for predicting N release from organic amendments. Irrespective of soils, maximum mineralization of N occurred with sesbania (203-236 mg g -1 ) and minimum in crop residues (10-30 mg g -1 ). Thus, incorporation of sesbania should be encouraged to meet the large N demand during early period of plant growth especially in the N deficient soils of Indo-Gangetic plains. In addition, the study also indicates that use of organic resources in a reasoned way can ensure ecosystem sustainability against nutrient mining.
